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ABSTRACT

In neurotrauma, diagnostic imaging plays a fundamental role in the early detection
of treatable injuries or the mitigation of secondary injuries. Currently, the routine
imaging techniques used in the setting of a head trauma patient include non-contrast
computed tomography (CT), computed tomography angiography (CTA), conventional
magnetic resonance imaging (MRI) with T1, T2 or diffusion imaging. Of the above
mentioned, CT is superior to MRI in terms of speed of examination, due to the greater
access to portable equipment in the patient's environment, which reduces the risk of
secondary complications at the time of transfer to the radiology department.
Nevertheless, MRI provides a much higher quality of images than CT. MRI is not
indicated for the diagnosis of acute brain injury, but if the results of CT without
contrast are normal, and neurological manifestations are present, itis indicated. As a
result, CT should be the first study requested to the imaging service by the medical
team in charge of the patient during the acute phase of the traumatic brain injury.
The main objective of this review is to present some of the advantages and
disadvantages offered by the different diagnostic imaging methods when
approaching and managing brain-injured patients, with emphasis on the acute phase
of trauma.
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INTRODUCTION

The improvements in the technology have provoked
a modern advent of the image analysis to establish
clinical variables at different scales, so that the
interpretation of these can create a very powerful
diagnostic approach [1]. Diagnostic images play an
important role in the detection of treatable lesions
and prevention or mitigation of secondary injuries
[2]. Currently, imaging techniques routinely used in
the context of neurotrauma include computed
tomography (CT) without contrast, computed
tomography angiography (CTA) and conventional
magnetic resonance imaging (MRI) with T1, T2,
susceptibility or weighting diffusion [3]. Other
studies exist but have minimal impact.
Neuroimaging may allow for better characterization
of patients for both treatment decisions, and the
improved selection for clinical trials [4].

Despite its limitations, the Glasgow Coma Scale
(GCS) is a practical, reliable and objective method to
assess the level of consciousness. Patients are
scored according to their best response in three
categories (eye opening, verbal responses and motor
score), and classified as mild, moderate and severe
[5]. GCS is one of the most frequently used methods
to identify patients that benefit from imaging studies
[5]. In 2007 the Traumatic Head Injury Guide
produced by NICE, replaced the head plain X-ray as
the primary imaging modality for traumatic brain
injury (TBI) by computerized axial tomography, which
at first caused an increase in the cost of attention to
the destabilization of the system; therefore, with the
intention of balancing clinical benefit with costs, as
well as exposure to radiation, strict criteria have
been established for its realization [6]. The following
are the imaging investigations used for the
management of patients with TBI, their indications
and relevant findings.

METHODS

A bibliographic search was carried out in the
databases PubMed and Science Direct and in the
Google Scholar search engine using the following
terms: Brain injuries, Neurotrauma, Cerebral
hemorrhage,  Skull  Fractures, Tomography,
Traumatic brain injury. Articles in English language
were included, emphasizing the importance of
neuroimaging for a correct approach to the patient
with acute brain injury, through different studies
where CT stands out as the main imaging method
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that allows to cover a wide range of pathologies that
may go unnoticed or not be identified by other types
of imaging during the acute phase. A total of 185
articles were identified, including original articles,
subject reviews, systematic reviews, letters to the
editor, case reports and case series. 43 articles were
selected that matched the aim of the article.

RESULTS
Plane X-rays
Plane X-ray (SR) of the head (skull) has no indication
for the initial evaluation of the patient with traumatic
brain injury. Even tough skull fractures are
associated to brain injuries, its sensitivity is quite low
and, in many instances, increase the chances of
diagnostic failure. Thus, both the Centers for Disease
Control and Prevention (CDC) and the practice
guidelines of the American College of Emergency
Physicians (ACEP) no longer recommend the use of
plain head x-rays for acute traumatic injuries [3].
Hitesh et al. studied the effectiveness of plain x-
rays for the identification of skull fractures and
compared to CT scan, autopsies and SR and TAC. The
SR eluded skull fractures by 19% and CT by 11.9%.
Thus, the SR has no advantage and little benefit with
respect to the CT, leads to the delay in the diagnosis
of the injury and exposes the patient to unnecessary
and harmful radiation [7].

Computed tomography

CT is the neuroimaging that is requested in the first
instance in cases of TBI [8,9] (Figures 1-2). It is
superior to the MRI in terms of the speed of the
examination, due to the greater accessibility to
portable equipment that can be located around the
patient, reducing the risk of complications secondary
to transfer to radiology services. In addition, most
institutions have tomographic equipment and to a
lesser extent have resonators, so the initial
examination is the CT scan. However, the resolution
quality of the images is lower than the data offered
by the MRI [8]. Computed tomography provides
important prognostic predictors of severe head
injury in children too [10]. At present, the head
fixation frame of most CT scanners has certain
limitations. the width cannot be effectively adjusted
and texture is hard, so the head cannot be effectively
fixed. The patient's intentional and unintentional
movements cause head movements. Furthermore,
the noise during CT operation also causes the test
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subject to be agitated to a certain extent. Once the
head movement coefficient is too large, it will
significantly affect the image data quality. This has
forced medical workers to repeat CT scanning, which
could expose patients to increased radiation doses
and increase the workloads of medical and
paramedical staff and machines, leading to
increased costs and less efficient emergency service
[11]. Current organization-specific practice involves
placing the patient for observation and obtaining a
repeat CT scan within 24 hours of initial imaging. This
requires increased utilization of health care
resources with increasing costs and potentially an
increase in hospital-related adverse events and may
also place a burden on patients and their families.
We hypothesize that the vast majority of patients
with low-mechanism closed head trauma who
receive direct oral anticoagulant without abnormal
initial cephalic CT findings will not have a late
intracranial rebleed and, in fact, will not benefit from
a prolonged hospital stay or repeat imaging [12].

Figure1.a, b.
Computed
tomography image
showing skull

i . / fracture of the
N = ; ' frontal bone

Indications: Some guidelines state that simple CT
should be performed in patients with moderate or
severe trauma (GSC <13) due to the higher incidence
of acute intracranial hemorrhage, however different

studies have shown that from 16% to 21% of patients
with GCS 13 to 15 have acute intracranial
hemorrhage so the CT scan should be performed
[131.

Figure 2. Computed tomography image showing skull fracture
secondary to a firearm

Most  relevant  findings:  Skull  fractures,
hemorrhages, bruises, or cerebral edema,
commonly determine the impact of the lesions on
adjacent brain tissue (the mass effect, the

compressed ventricle), as well as the extent and
location of the injuries [6]. The main objective for the
CT scan is to identify lesions can be treated by
surgery, but also to monitor the patients to prevent
or early identify the appearance of phenomena
compatible with injuries secondary to trauma [3,7].

Skull fractures
CT Linear fractures, such as those of the groove of
the middle meningeal artery, may be associated with
epidural hematoma while temporal bone fractures,
due to the bone lesser stiffness and the intracranial
venous sinuses.

Depressed skull fractures are defined by the
concavity of the affected bone, and is associated with
severe complications such as hemorrhages, seizures
and neuroinfection [14]. When penetrating fractures
are detected, the presence of factors related to a
complex prognosis should be ruled out. Basilar
fractures may be missed by the CT scan, and should
be suspected when facial bones fractures such as



ethmoid, sphenoid, lamina cribrosa, occipital or
petrous area of the temporal fractures are identified
[15]. The detection of skull fracture on CT can be
interpreted not only as an objective indicator of
primary injury but also as a factor causing secondary
damage, including the release of neuroinflammatory
cytokines and coagulopathy [16]. While computed
tomography plays an essential role in the
management of these particular patients, there is
currently no supportin the literature to suggest rapid
repeat imaging in this population.

There are several risk factors that may be
associated with worse outcomes in the setting of
depressed skull fractures. These predictors include
the GCS score at presentation, fracture site, and
fracture type. Fractures involving more than one
area and those associated with other intracranial
injuries have also been shown to worsen outcome
and increase the need for surgical intervention [17].

Intracerebral hemorrhage

CT can also show us the existence or not of bruising.
Brain contusions are also detected by CT. The
imaging characteristics are related to the time of
establishment of the lesion and the presence or
absence of bleeding. They are usually located in the
frontal and temporal lobes [1,8]. Acute intracranial
hemorrhage appears on CT as a region of increased
density owing to the linear relationship between
attenuation and hematocrit, predominately owing to
hemoglobin concentration [18]. With the widely used
of the CT, clinicians and researchers are able to

qualitatively and quantitatively describe the
characteristics of a hemorrhage to guide
interventions and treatments. Among these
characteristics, the volume of intracranial

hemorrhage is an important diagnostic indicator of
stroke severity, long-term functional outcome, and
mortality [19].

Extra axial hemorrhage

The epidural hematoma classically is characterized
by a biconvex morphology, with location outside the
axial plane and hyperdensity in the images [1,8]. The
majority of patients with acute subdural hematomas
have concomitant parenchymal brain injuries. The
acute subdural and epidural hematomas are
adequately diagnosed with CT and almost never
reach the MRI room [20]. While the subdural
hematomas have a semilunar appearance.

Acute phase of traumatic brain injury

Traumatic subarachnoid hemorrhages are usually
located in convex areas such as cisterns [8]. The
subarachnoid hemorrhage (SAH) occurs in the space
between the arachnoid membrane and the pia. The
most common cause of SAH is trauma. In 85% of
non-traumatic cases, SAH is caused by ruptured
aneurysms, while 10% fit the pattern of so-called
non-aneurysmal perimesencephalic hemorrhage.
The remaining 5% is due to various rare diseases,
such as cocaine abuse [21]. Sources of SAH in trauma
include tearing of pial vessels, extra-axial extension
of a hemorrhagic contusion, and redistribution of
intraventricular hemorrhage caused by damage to
subependymal  veins.  Often the highest
concentration of SAH occurs contralateral to the side
of direct impact [22].

The quantitative evaluation of the data provided
by the CT has not been widely studied, however, the
implementation of computer-aided diagnosis
technology in the measurement of injuries seems to
be very promising. Some studies have shown that
the quantification of midline displacement from the
day of injury and the volume of bleeding correlate
significantly with morbidity and mortality in severe
TBI [9].

Other findings
Pathological findings in CT with poor prognosis [9]:

= Herniation

» Injury affecting several lobes

» Intraventricular or subarachnoid
hemorrhage

» Injury that compromises the entire brain

There is convincing evidence that TBI increases the
incidence of stroke and some epidemiological
evidence that stroke outcomes are worse in patients
with a history of TBI. Given the very large number of
TBI that occur annually it is critically important that
we determine why this population is at a greater risk
for both more strokes and worse outcomes [23].
Intraventricular hemorrhage on early cT
independently predicts poorer short- and long-term
outcome in TBI. These findings may help guide
intervention, and prognosis when intraventricular
hemorrhage (IVH) is present on acute CT imaging.
Evidence suggesting that IVH observed on CT may be
a surrogate marker for white matter injury warrants
further study with MRI imaging [24].



Maria Paz Bolafio-Romero, Gustavo Gaitan-Herrera, Daniel Galarza-Garrido et al.

Magnetic Resonance Imaging

Beyond CT and MRI has proven particularly effective
in identifying brain regions involved with TBI. In
addition, diffusion imaging of white matter (WM)
fiber pathways in blast-exposed military veterans
who show no visible symptoms of injury sequelae
has proven to be a useful diagnostic tool [25]. In
complicated mild TBI, magnetic resonance is
superior to computed tomography without contrast
in  diagnosing  subarachnoid  hemorrhages,
contusions and axonal lesions. The sequences used
forthe TBl are T1, T2, T2-FLAIR, T2-GRE and image by
diffusion [26]. Recent contributions to the body of
knowledge on TBI favor the view that multimodal
neuroimaging using structural and functional
magnetic resonance imaging (MRI and fMRI,
respectively) as well as diffusion tensor imaging (DTI)
has excellent potential to identify new biomarkers
and predictors of TBI outcome (27). MRl is the study
of choice to further characterize intracranial
hemorrhage, offering greater sensitivity in the
detection of hemorrhage during all stages
of hematoma evolution as well as the ability to more
accurately assess the temporal evolution of
hemorrhage. MRl also  allows  more  specific
investigation of the etiology of intracranial
hemorrhage [18].

Indications: MRI is not indicated during the initial
management of acute mild TBI. It is indicated when
the results of the computed tomography without
contrast are normal, and there is persistence of
neurological manifestations [28]. MRI can diagnose
subcortical lesions that are missed by other imaging
techniques [14].

Main findings: Diffuse axonal injury (DAl) is present
in a high proportion of patients with severe TBI. MRI
has a greater sensitivity/specificity than CT scan for
identifying DAI [1,21]. In a study by Cicuendez et al.
comparing conventional MR and the diagnosis of
DA, found that the T2, FLAIR, and T2-GRE sequences
provide the best visualization in more than 80% of
the cases. In addition, with the FLAIR sequence, the
hemispheric DAl was better evidenced at the
subcortical level while the T2-GRE distinguished
hemorrhagic DAI. Therefore, they recommend
carrying out MRI in the subacute period of a severe
TBI for the accurate diagnosis of DAI, using the
sequences T2, FLAIR and gradient echo [29]. Other

radiological findings, such as a midline shift, epidural
hemorrhage, subarachnoid hemorrhage, and the
volume of the hematoma could be additional
variables to account for in predicting DAI prognosis
[30]. MRI allows the precise quantification, of the size
of the lesions as well as, clinically useful prognostic
information [28]. The disadvantages of magnetic
resonance include prolonged time being a long test
and the lower probability of diagnosing fractures
[29].

For subacute to chronic TBI, magnetic resonance
is the test of choice due to its high sensitivity for the
detection of cerebral atrophy [28]. Actually, the
modified ultrafast MRI protocol for brain imaging
demonstrates clinically acceptable image quality in
four out of five sequences and has high accuracy in
diagnosing normal and clinically significant
abnormalities when compared against the standard
MRI protocol for brain imaging. It could potentially
benefit a select group of pediatric patients who
require neuroimaging [31] routine clinical use of
synthetic MRI can be feasible for neuroimaging in
daily practice because the overall image quality and
conspicuity of anatomical details were acceptable. In
addition, the two attending neuroradiologists had no
significant challenge during radiologic assessment of
all synthetic images.

In previous clinical studies using synthetic MRI,
the synthetic images had a similar diagnostic utility
with sufficient or better image quality when
compared to conventional MRI scans [32]. Also, MRI
and CT brain imaging may be equally accurate for
detecting acute brain hemorrhages in people with
acute focal stroke symptoms. However, MRI may be
more accurate than CT imaging for detecting chronic
brain hemorrhages [33].

Functional neuroimaging: A variant deserving
mention is proton MRI spectroscopy, which
evaluates metabolic and biochemical alterations in
patients with TBI. The detection of different
metabolites allows the diagnosis of anomalous
neurometabolic profiles such as the reduction in the
levels of N-acetylaspartate (NAA), NAA/choline and
NAA/Creatinine. The metabolite reduction persists
for weeks to months and is evident both in
apparently healthy white matter tissue and in
perilesional areas, even though conventional MRI
does not show such structural alterations.
Biochemical alterations due to neural structural



deformation  caused by TBI  imbalances
neurotransmitters release that can affect the cellular
sodium-potassium (Na*-K*) pump and results in
distribution of membrane homeostasis [34]. The
advantage of this imaging tool is to allow correlation
with the functional outcome by 6 months after TBI
[13]. Recent meta-analysis showed that significant
changes in the ratios NAA / Creatinine and Choline /
Creatinine and in the absolute values of NAA are
associated with clinical outcome in TBI [35].

Future perspectives

Progress in the advancement of strategies and
models to improve sensitivity and specificity in the
use of neuroimaging is one of the fields of radiology,
neurology and neurosurgery studies with the
greatest impact today [36-38]. The investment in
robotic neurosurgery and the deepening of
neurosurgical education during undergraduate, are
objectives to be reinforced in low- and middle-
income countries, in order to promote in-hospital
care of patients with neurosurgical pathology and, in
particular, patients with neurotrauma [39-41].
Translational research in neurosurgery, through the
search for biomarkers and gene expression
(currently  known as  neurogenomics and
neuroimaging genomics), can substantially improve
the diagnosis, management and prognosis of this
type of patients, by improving the diagnostic
accuracy and management of intervention times [41-
43]. It is necessary to continue working from the
global neurosurgery, to the approach of strategies
that help the technological and academic
development of neurosurgery in third world
countries [37].

CONCLUSION

TC scan is the imaging test of choice for the early
evaluation of TBI patients. The primary objective is to
diagnose injuries amenable to surgery, and have
been shown to reduce mortality. Plane head X-rays
are no longer indicated. For patients suspected of
harboring vascular injuries, computed tomography
angiography or magnetic resonance angiography
are indicated. MRI is used at a later phase of
managing TBI patients and most often for the
diagnosis of a diffuse axonal lesion and prognosis
determination.

Acute phase of traumatic brain injury
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